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(57) Abstract: A method for making a plate-like fibre-reinforced product to be used as building or packing material, the method 
comprising: placing fibres on a lower laminate; applying a binding agent on the fibres so that the fibres are surrounded by the binding 
agent; transferring the fibres with binding agent between the lower laminate and an upper laminate between lower and upper rotating 
pressing plates (4, 3); allowing the binding agent to foam up, expand and harden between the upper and lower pressing plates. In 
order to economically manufacture such a product with desired physical and mechanical properties, the method comprises the steps 
according to which the fibres are made into a three-dimensional cohesive fibre mat of fibres bound together, the fibre mat having 
a moisture content of 5% at the most before the binding agent is applied onto the fibre mat, the binding agent is applied onto the 
fibre mat and the obtained mixture is subjected to a pressure of at least 0.8 bar and 5 bar at the most and is allowed to harden to a 
plate-like product having a thickness of 10 to 150 mm; and the lower and upper laminate are removed from the hardening product. 
The invention also relates to a manufacturing apparatus and a plate-like product. 
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Method and apparatus for making plate-like fiber-reinforced 
products 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a method and an apparatus for mak- 
5 ing a plate-(ike fibre-reinforced composite product to be used as building or 
packing material. The invention also relates to a similar plate-like fibre rein- 
forced composite product. 

[0002] More particularly, the invention relates to a method for mak- 
ing a plate-like fibre-reinforced composite product to be used as building or 

10 packing material, the method comprising: placing fibres on a lower laminate, 
applying a foaming hardening binding agent in liquid form on the fibres so that 
the fibres are surrounded by the binding agent, transferring the fibres with 
binding agent between the lower laminate and an upper laminate between 
lower and upper pressing plates arranged to rotate endlessly on the upper, 

15 respectively the lower, side of the fibres with the binding agent so that the fi- 
bres with the binding agent are transferred by means of the rotation speed of 
the pressing plates, and allowing the binding agent to foam up, expand and 
harden between the upper and lower pressing plates 

[0003] More particularly, the present invention also relates to an ap- 

20 paratus for making a plate-like fibre-reinforced composite product to be used 
as building or packing material, the apparatus comprising an inlet end for re- 
ceiving fibres surrounded by binding agent, an outlet end for providing the 
plate-like fibre-reinforced composite product manufactured in the apparatus, an 
upper endlessly rotating belt comprising a plurality of upper pressing plates, 

25 which controlled by at least two elongated control elements extending in the 
longitudinal direction of the apparatus are arranged to move on an upper end- 
less track, and a lower endlessly rotating belt comprising a plurality of lower 
pressing plates, which controlled by at least two elongated control elements 
extending in the longitudinal direction of the apparatus are arranged to move 

30 on a lower endless track, whereby the upper pressing plates within an area of 
the upper endless track are arranged on a first substantially flat plane and the 
lower pressing plates within an area of the lower endless track are arranged on 
a second substantially flat plane, which is parallel to the first flat plane, 
whereby the upper and lower pressing plates within the area are arranged to 

35 transfer the fibres surrounded by the binding agent between them, feed means 
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for feeding an upper laminate and a lower laminate in said area, the upper 
laminate is arranged to be supported in said area against the upper pressing 
plates and to move at the same speed as the upper pressing plates, and the 
lower laminate is arranged to be supported in said area against the lower 
pressing plates and to move at the same speed as the lower pressing plates, 

[0004] More precisely, the present invention further relates to a 
plate-like fibre-reinforced composite product comprising fibres surrounded by a 
binding agent to be used as building or packing material. 

[0005] Fibre-reinforced plate-like composite products to be used as 
building or packing material are known in the art. They may be provided with a 
protective cover, which in some cases simultaneously provide the product with 
a more pleasant appearance. 

[0006] The problem with known fibre-reinforced composite products 
is that the manufacture thereof is complicated. They are also easily affected by 
moisture and variation in temperature, which may result in that the form of the 
products changes. The manufacturing methods, which are known in this con- 
nection, require considerable capital investments as well as an extensive pro- 
duction volume. In addition, the final product, i.e. the fibre-reinforced composite 
product, is subjected to excessive moisture fluctuation. An example of a known 
method for making fibre-reinforced composite products, such as chipboards, is 
the manufacture using a double belt press. The double belt press is a huge 
apparatus in which high-pressures, typically about 30 bar, and high tempera- 
tures, typically ranging between 150 and 200 degrees Celsius, are used. The 
investment costs as well as the operating costs of such an apparatus are con- 
siderable. In addition, the apparatus requires a lot of space. 

[0007] US 5 089 189 discloses a method and an apparatus for mak- 
ing plate-like composite products. The method and apparatus are complicated 
and they do not allow manufacturing economically profitably a thicker compos- 
ite product that is suitable to be used as building or packing material. 

BRIEF DESCRIPTION OF THE INVENTION 

[0008] It is an object of the present invention to provide a method 
and an apparatus, which allow reducing the costs for making fibre-reinforced 
plate-like products so that manufacturing becomes economically profitable for 
both large and small manufacturing volumes. The products have typically been 
intended to be used within the building and packing industry, and said products 
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will be competing with competing products of the same use. Another object of 
the invention is to provide a product that is in a stable form and that is advan- 
tageous to manufacture. 

[0009] For this purpose, the method is characterized by the steps 
of: preparing the fibres into a three-dimensional cohesive fibre mat of fibres 
bound together, the thickness of which basically ranges between 0.5 and 0.8 
mm and the width between 0.3 and 2 mm, and the length of at least 80% of the 
fibres is at least 100 mm, before the binding agent is applied onto the fibre 
mat, providing the fibre mat with a moisture content of 5% at the most before 
the binding agent is applied onto the fibre mat, applying the binding agent onto 
the fibre mat so that a mixture of fibre mat and binding agent is obtained, the 
mixture comprising fibres close to the upper surface thereof, which is turned 
against the upper pressing plates, and close to the lower surface thereof, 
which is turned against the lower pressing plates, placing the mixture under a 
pressure of at least 0.8 bar and 5 bar at the most and allowing the mixture to 
harden into a plate-like product having a thickness of 10 to 150 mm and com- 
prising fibres close to the upper surface thereof and close to the lower surface 
thereof when transferring the mixture between the pressing plates, and remov- 
ing the lower and upper laminate from the hardening product comprising fibres 
and binding agent. 

[0010] The term fibre mat refers in this context principally to a struc- 
ture made of one or more fibres that is composed of one or more fibre layers, 
each one of which may suitably be in the form of a three-dimensional fibre mat. 
If the fibre mat comprises more of such layers/mats, which is typical when 
thicker products are being manufactured (products having a thickness over 
approximately 60 mm), the layers are placed so that the finished final product 
comprises a layer close to both surfaces of the final product. The layers that 
are used in thick products (with a thickness over approximately 60 mm) need 
not be of the same density. Besides, a layer of lower density may be provided 
between the layers that are close to the surfaces of the product placed against 
one another. 

[0011] The fibre mat is preferably prepared of hydroscopic fibres. 
The fibres may be natural fibres or synthetic fibres. Preferably, the moisture 
content of the fibres is 8% at the most and the finished fibre mat is treated so 
as to obtain a moisture content of 3% at the most before applying the binding 
agent. The fibre mat should be provided with a certain, relatively low moist- 
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ness, when binding agent, for instance polyurethane, is applied onto the fibres. 
Consequently, the binding agent is firmly attached to the fibres, which is impor- 
tant in view of the physical properties of the final product, such as strength. 

[0012] A final product with good physical properties is obtained 
5 when the fibre mat is being prepared of fibres that mainly have a thickness of 
0.5 to 0.8 mm and a width of 0.3 to 2 mm, whereby the length of at least 80% 
of the fibres is at least 100 mm. Wood fibres are appropriate to be used and 
the binding agent may preferably be polyurethane, whereby a product of stable 
form and good insulation properties is obtained. 
10 [0013] The final product is provided with the desired density and 

strength by exposing the mixture of fibres and binding agent, when the binding 
agent foams up, under a pressure of 1 to 2 bar at the most when the mixture is 
transferred between the pressing plates. 

[0014] The preferred embodiments of the method are disclosed in 
5 the appended claims 2 to 1 1 . 

[0015] The apparatus according to the invention is characterized by 
comprising pressing means for creating a pressure of at least 0.8 bar towards 
the pressing plates, and heating means for heating the mixture of fibres and 
binding agent and by the upper pressing plates of the apparatus being ar- 
ranged at a distance of 10 to 150 mm from the lower pressing plates. 

[0016] The first substantially flat plane and the second substantially 
flat plane, which are determined by the upper, respectively the lower, support- 
ing elements, need not be exactly parallel, but may form a small angle of for 
instance 1 to 5 degrees. 

[0017] The apparatus may be referred to as a double belt conveyor 
or a laminator. Double belt conveyors/laminators that deviate from the present 
apparatus and that should be used for other purposes are already known in 
the art. The present invention therefore comprises the use of a double belt 
conveyor/laminator for manufacturing plate-like fibre-reinforced composite 
products. 

[0018] Consequently, the apparatus according to the invention is a 
laminator that deviates from prior art laminators by being especially built to be 
able to handle the pressure that it is subjected to when manufacturing the 
plate-like product. Standard laminators used for manufacturing polyurethane or 
sandwich panelling are unable to endure a pressure that exceeds approxi- 
mately 0.7 bar. 
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[0019] Preferably, the feed means and collecting means are ar- 
ranged to transfer the upper and the lower laminate on respective endless 
tracks. A continuously operating apparatus is thus obtained that is able to pro- 
duce several meters of plates by using only a small amount of laminate that 
5 depending on the production volume may rotate a desired number of rounds 
on their respective endless tracks. 

[0020] Said area within the apparatus, in which the plate is being 
made, in other words the area that extends from the inlet end to the outlet end, 
is preferably of a length that ranges between 5 and 30 m and a width that 

10 ranges between 1 and 5 m. 

[0021] Preferably, the apparatus comprises a number of spray noz- 
zles, which are placed to provide rapidly and evenly a desired amount of bind- 
ing agent on the desired area of the lower laminate. The nozzles may be sta- 
tionary or alternatively arranged to move back and forth above the fibre mat. 

15 [0022] Preferably, the apparatus comprises pressing means in the 

form of cylinders. The cylinders allow providing the final product, before the 
product exits the apparatus, with a pressure of 0.8 bar, the pressure providing 
a suitable density for the final product, when the binding agent is polyurethane. 
Final products of desired size are obtained by cutting the product exiting the 

20 apparatus into desired sizes. A desired thickness is obtained by adjusting the 
distance between the upper and lower pressing plates, for which purpose the 
pressing means of the apparatus are preferably arranged. The weight ratio 
between fibres and binding agent in the final product may advantageously be 
0.8 to 2 corresponding to an amount of 45 to 67% fibres by weight in the final 

25 product. A considerable weight ratio is aimed at (i.e. preferably closer to 2 than 
0.8) in order to keep the manufacturing costs of the product low, which may 
increase when the amount of binding agent increases. The weight ratio may 
range between 0.1 and 4, i.e. the amount of wood fibre in the final product is 
10 to 80%. 

30 [0023] The preferred embodiments of the apparatus are disclosed in 

the appended claims 13 to 17. 

[0024] The most significant advantage of the method and apparatus 

according to the invention is to allow manufacturing economically plate-like 

fibre-reinforced composite products of a stable form both in large and small 
35 production volumes, the products being suitable to be used as building or 

packing material. This is due to the fact that the capital expenses and opera- 
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tive expenses of the apparatus are low in comparison with for instance the use 
of a double belt conveyor, and that a fibre mat is included in the product. When 
the production volume remains low, the production need not take place around 
the clock. 

5 [0025] The plate-like fibre-reinforced composite product according 

to the invention is characterized in that the thickness of the plate-like product is 
10 to 150 mm, the form of the fibres resemble a three-dimensional cohesive 
mat, in which the fibres are surrounded by binding agent, that the thickness of 
the fibres mainly ranges between 0.5 and 0.8 mm and the width between 0.3 

10 and 2 mm, and the length of at least 80% of the fibres is at least 100 mm, that 
the composite product comprises fibres close to the upper and lower surface, 
and in that the weight ratio between fibres and binding agent ranges between 
0.1 and 4. Preferably, the fibre mat extends from the lower surface to the upper 
surface of the product. Consequently, some of the fibres extend from the lower 

15 surface up until the upper surface. The preferred embodiments of the plate-like 
product are disclosed in claims 19 to 21 . 

[0026] The most significant advantages of the composite product 
are that the form of product is stable, which is particularly important for building 
materials within the building industry, the product comprises a good 

20 strength/density ratio, and the manufacturing costs thereof remain low. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] In the following, the invention will be described in more detail 
in the accompanying drawing, in which 

Figure 1 is a side view showing a sketch of an apparatus, 
25 Figure 2 is a top view illustrating the apparatus in Figure 1 , 

Figure 3 shows the apparatus shown in Figure 2 according to the 
cutting line Ill-Ill, 

Figure 4 shows a detail of the apparatus shown in Figures 1 to 3, 

Figure 5 illustrates a product according to the invention, and 
30 Figure 6 schematically shows a method according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] Figure 1 shows an apparatus for continuously making plate- 
like fibre-reinforced composite products, which comprise a fibre component 
and a binding agent. The binding agent may eventually be referred to as filler. 
35 The fibre component is composed of a fibre mat of for instance wood wool and 
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the binding agent is for instance polyurethane, which is allowed to foam up in 
the apparatus so that it hardens and comprises gas cells. A product including 
such component parts is provided with good qualities if used as a building ma- 
terial, where an appropriate insulating property is required, a particular strength 
5 and measure stability under various conditions. The product can also be used 
for packing and eventually for other purposes. Instead of fibres based on wood 
and cellulose, the fibre component may basically include any fibres that allow 
the product to be provided with a desired strength increase in comparison with 
a situation in which the final product lacks the fibre component. Thus, the fibre 
10 component can for instance be made of fibreglass. Metal fibre can also be em- 
ployed. In addition to polyurethane, the binding agent may be a phenol-based 
material. 

[0029] Regardless of which binding agent is used, the fibres are 
embedded in the binding agent. Thus, the binding agent is fastened to the fi- 

15 bres so that the fibres provide a desired increase for the strength of the final 
product. One of the good qualities of polyurethane is that it typically has an 
extensive fastening ability. 

[0030] The apparatus shown in Figure 1 comprises an upper end- 
less belt, band or track 1 and a lower endless belt, band or track 2. Both sides 

20 of the tracks are provided with side covers 26 to 29, cf. Figure 3. The side cov- 
ers 26 to 29 are not shown in Figure 1 in order to better illustrate the inner 
parts of the apparatus. The side covers 26 to 29 are not necessary. 

[0031] The upper track 1 comprises a plurality of pressing shoes or 
pressing plates 3, which can be referred to as upper pressing plates. The 

25 number of pressing plates 3 depends on the length of the apparatus; the num- 
ber can for instance range between 20 and 200. The lower track 2 comprises a 
plurality of pressing plates 4, which can be referred to as lower pressing plates. 
The number of the lower pressing plates 4 corresponds to the number of upper 
pressing plates 3, but may be somewhat higher, since a support from above 

30 for the fibre mat and binding agent need not necessarily be placed in the vicin- 
ity of an inlet end 10.The pressing plates 3, 4 that are made of metal, such as 
steel or aluminium, rotate around respective cogwheels 5, 6 and 7, 8, which 
are driven by means of a drive motor 39 The control cabin of the apparatus is 
indicated with reference numeral 40. The area around the cogwheels 5 and 7 

35 is the inlet end 10 of the apparatus, and the area around the cogwheels 6 and 
8 is an outlet end of the apparatus. 
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[0032] In the area extending between the cogwheels 5 and 6, 7 and 
8 respectively, i.e. between the inlet end 10 and the outlet end 11, the tracks 1 
and 2 are substantially flat. The length of this area is typically 5 to 30 m, 
whereby the area from 10 to 20 m covers most of the production needs. The 
5 greater the length, the higher the operating speed of the apparatus becomes. 
Conveying speeds between 2 and 15 meters per minute are typically used in 
the apparatus. The lower track 2 starts 2 m before the upper track 1 seen from 
the direction in which the mixture of fibre mat and binding agent is transferred. 
However, said shift of the track is not shown in the drawing. The shift of the 

10 track allows providing the mixture of fibre mat and binding agent with a better 
support before the mixture is inserted between the upper and the lower track. 

[0033] In order for the tracks 1 , 2 in said area not to bend and to ob- 
tain a form that deviates from a substantially flat form, for instance owing to 
pressure that is formed when the binding agent foams up, the apparatus com- 

15 prises a number of cylinders 9, which together with the control elements 32 
keep the pressing plates 3, 4 of the apparatus flat in said area, cf. Figures 1 
and 4. In Figure 1, only two cylinders 9 have been shown for the sake clarity, 
although several cylinders may be found along the apparatus. The cylinders 9 
allow adjusting the distance between the upper and the lower track depending 

20 on the thickness of the product to be manufactured. Instead of cylinders 9 
other resistor/adjusting elements provided with the same functions can also be 
used. Both tracks 1, 2 include three control elements 32, whereof one is cen- 
trally placed and two are placed on each side between the respective edges of 
the control plates in the central control element, in which case the pressing 

25 plates 3, 4 may be relatively small and light without being subjected to bend 
when a pressure of 1 to 2 bar is placed upon them. The control elements 32 
extending in the longitudinal direction of the apparatus can be referred to as 
rails. The pressing plates 3, 4 comprise gripping parts 38 that co-operate with 
the holes in respective conveyor chains 35 so that the gripping parts are in- 

30 serted in the holes in order to be transferred using the conveyor chains. The 
conveyor chains 35 are arranged to be supported by the control elements 32, 
cf. Figure 4. 

[0034] The distance between the upper band 1 and the lower band 
2 in the area where the binding agent may foam up is typically 10 to 30 mm, 
35 but up to 150 mm is possible when thick final products are being made. If the 
thickness of the final product is between 30 and 50 mm, said product may ad- 
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vantageously contain a fibre mat comprising a lower mat close to the lower 
surface of the final product and an upper mat close to the upper surface of the 
final product. If the thickness of the final product exceeds 60 mm, it may ad- 
vantageously contain a fibre mat comprising three mats so that two more 
5 dense mats are arranged close to the upper, respectively lower, surface of the 
final product and a lighter (thinner) mat is arranged between the more dense 
mats. 

[0035] Reference numeral 12 indicates an upper laminate that may 
endlessly rotate around the upper endless track 1. The laminate 12 is sup- 

10 ported by four rollers or cylinders 13 to 16, whereof one cylinder 13 is placed 
close to the inlet end 10 of the apparatus and a second cylinder 14 is placed 
close to the outlet end 1 1 of the apparatus. The lower side of the apparatus is 
correspondingly provided with a lower laminate 17, which supported by cylin- 
ders 18 to 21 is able to endlessly rotate around the lower endless track 2. The 

15 Figure shows that the cylinder 18 is located further from the inlet end 10 than 
the cylinder 13This is connected with the fact that binding agent should be 
applied onto the fibre mat before the fibre mat and binding agent arrive at the 
inlet end 10. 

[0036] The upper and the lower laminate 12, respectively 17, are 

20 preferably made of polyethylene foil. A foil of some other material can be em- 
ployed, in which case the foil should be of such a material that the binding 
agent (such as polyurethane) is not attached to the foil. Polytetrafluoroethylene 
(PTFE), or what is known as Teflon, is an example of such a material. 

[0037] In Figure 1, reference numeral 22 indicates a conveyor by 

25 means of which the fibre mat 23 is fed onto the lower laminate 17 and towards 
the inlet end 10 of the apparatus. In the area between the cylinders 18 and 13, 
the area being referred to as an application area, is provided with a number of 
sprinklers or spray nozzles 24 by means of which binding agent 25 is injected 
onto the lower laminate 17. The number of spray nozzles 24 may vary: the 

30 greater the product and the higher the speed, the larger the number of spray 
nozzles required in general. The number of spray nozzles 24 may vary for in- 
stance between 3 and 100. The spray nozzles 24 can preferably be arranged 
to move back and forth in the transverse direction in relation to the longitudinal 
direction of the apparatus, whereby the number of spray nozzles may be small; 

35 it is also possible that the apparatus is provided with only a single spray noz- 
zle. In the cylinder 13, the upper laminate 12 encounters the mixture of fibre 
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mat 23 and binding agent 25. It can be said that the upper and the lower lami- 
nate 12, respectively 17, provide the mixture with a kind of form. Within the 
area between the inlet end 10 and the outlet end 11, the mixture of fibre mat 
and binding agent is allowed to foam up and harden so that a hardened flat 
5 product is provided at the outlet end that is covered with laminate 12, 17 on 
both sides. The laminates 12, 17 are removed at the cylinders 14 and 19. The 
laminates 12, 17 rotate on the respective endless tracks by means of frictional 
force that is found in the area between the inlet end 10 and the outlet end 11. 
Alternatively, it is possible that a , drive cylinder makes the laminates 12, 17 ro- 

10 tate, whereby one of the cylinders 13 to 16, respectively 18 to 21 are driving. 

[0038] Figure 2 shows a top view of the apparatus. In Figure 2, the 
upper laminate 12 is not shown; and the cylinders 14 to 16 are illustrated with 
a dashed line. The width of the pressing plates 3, 4 is 3 m, but the width may 
be greater, up to 5 m, if very broad products are to be manufactured. The 

15 pressing plates 3, 4 may also be considerably smaller than 3 m, but smaller 
than 1 m are not to be recommended. 

[0039] Figure 3 shows the apparatus in the longitudinal direction in 
cross section of line Ill-Ill in Figure 2.The Figure shows that the tracks 1, 2 on 
both sides are provided with side covers 26 to 29. 

20 [0040] Figure 5 shows a plate-like fibre-reinforced composite prod- 

uct according to the invention. The Figure shows that the fibres extend from 
the lower surface of the product to the upper surface thereof so that the fibres 
are found throughout the product Some fibres go right through the product. 

[0041] In the following with reference to Figure 6, the method for 

25 making the plate-like fibre-reinforced composite products by means of the ap- 
paratus shown in Figures 1 to 3 is described in more detail. 

[0042] Wood fibres having a thickness of 0.5 to 0.8 mm and a width 
of 0.3 to 2 mm are manufactured. The fibres are dried so that the moisture 
content thereof remains very low; the moisture content should not exceed 8%. 

30 The length of the fibres may vary between 8 and 250 mm. A three-dimensional 
fibre mat 23 is prepared of such fibres, whereof preferably 80% are at least 
100 mm long. Such a mat is kept together during the entire manufacturing 
process. 

[0043] The fibre mat 23 is provided with moisture content of 3 to 
35 4%. The desired moisture content is achieved with appropriate dry- 
ers/dampers. If the moisture content exceeds said value, the final product re- 
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mains poor. The moisture content should therefore exceed the value 0.5%. As 
it is not technically difficult to achieve the last-mentioned moisture interval, and 
as a person skilled In the art simply knows which type of dryer/damper can be 
used, the structure of such a dryer/damper is not explained in more detail 
5 herein. 

[0044] The fibre mat 23 provided with a moisture content of 4% at 
the most or in some cases 5% at the most is made stable by binding together 
the fibres thereof. Binding together allows maintaining the fibres in the fibre 
mat together and the fibres are not spread apart in an undesirable manner 

10 when applying the binding agent (polyurethane). 

[0045] The fibre mat 23 is controlled by a speed of 7 meters per 
minute on the lower laminate 17 and polyurethane in liquid form is injected 
onto the fibre mat by means of the spray nozzles 24. The fibre mat 23 that is 
surrounded by polyurethane in liquid form is transferred towards the cylinder 

15 13, in which the mixture is provided on the upper side thereof with an upper 
laminate. The mixture of fibre mat and polyurethane is found between the up- 
per and lower laminate. It is possible in addition thereto to provide, if desired, 
the sides with additional stops, which prevent the polyurethane from running 
out of the sides. This is normally not necessary, since the polyurethane flows 

20 relatively slowly and hardens rapidly when conveyed in the apparatus. 

[0046] The mixture of fibre mat 23 and polyurethane is transferred 
between the endless belts 1, 2 and is allowed to foam up and harden between 
them. A pressure of at least 0.8 bar and 2 bar at the most is applied onto the 
mixture of fibre mat and polyurethane within the area between the belts 1 , 2. 

25 No particular pressure should be provided at the inlet end 10, but especially in 
the latter half of the apparatus, i.e. in the part of the apparatus that is placed 
between the outlet end 1 1 and the middle of the apparatus, the pressure of 1 
to 2 bar should be on hand. Higher pressures are not required and would only 
be of disadvantage. When the polyurethane foams up and hardens, the tem- 

30 perature is at least 30 degrees Celsius between the belts 1, 2. Since the poly- 
urethane undergoes an exothermic reaction, in other words generates heat 
when it foams up, the pressing plates are heated to avoid heat shocks using 
infrared radiation emitting heating lamps 30, 31, which are schematically indi- 
cated by a dashed line in Figure 1. On account of the heating, the temperature 

35 of the pressing plates does not differ too much from the temperature of the 
foamed polyurethane, which ranges between 30 and 90 degrees Celsius. Ex- 
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cessive differences in temperature may result in heat shocks providing a 
poorer product as a result. Heating of the pressing plates is typically required 
only when the apparatus is started; when the apparatus has been in motion for 
a while the pressing plates obtain an appropriate temperature, which is main- 
5 tained with the temperature that the foamed-up polyurethane provides the 
pressing plates. Instead of heating lamps arranged between the cogwheels 5, 
6, other types of heating arrangements can also be used. A temperature ex- 
ceeding 100 degrees Celsius should not be provided between the belts, since 
high temperatures are only of disadvantage and would increase production 

10 costs. The laminates 12 and 17 are removed from the hardening product after 
having exited the outlet end 11. Hereafter the sides are made straight and the 
product is cut into a desired length. In the final product, the weight ratio be- 
tween fibres and binding agent ranges between 0.8 and 2, typically between 1 
and 1.3. The foamed-up polyurethane is provided with a density of 25 to 100 

15 kg/m 3 . 

[0047] For a product having a thickness of 10 mm, a fibre mat with a 
thickness of 15 to 30 mm is used as a starting material. For a final product hav- 
ing a thickness of approximately 50 mm at the most, a fibre mat with a thick- 
ness of 70 to 150 mm is employed. If the thickness of the final product is 100 
mm, two fibre mats are used, which are provided with a thickness of 70 to 150 
mm each. If the thickness of the final product is 150 mm, three fibre mats are 
preferably used having a thickness of 70 to 150 mm each. In products, in 
which the fibre mat is composed of several layers (fibre mats), it is possible 
during the manufacturing process of the final product to apply binding agent 
between the layers so as to achieve an appropriate adhesion. 

[0048] The invention has above been described merely by means of 
examples and it is therefore pointed out that the details of the invention can be 
implemented in various ways within the scope of the appended claims. It is 
therefore possible to use for instance as starting material other hygroscopic 
fibres than wood fibres. The advantage with wood fibres is, however, to pro- 
vide a final product provided with good physical and mechanical properties; the 
production costs of such a product thus remaining very low. Instead of polyure- 
thane, a phenol-based material can also be employed. The conveying speed in 
the apparatus may also vary, whereby the speed typically ranges between 2 
and 15 meters per minute. The dimensions of the final product may vary. The 
number of spray nozzles may vary: it is possible to use one or more nozzles, 
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which instead of being stationary may be arranged to move in the transverse 
direction in relation to the direction in which the fibre mat 23 moves. Another 
type of traversing spray arrangement than spray nozzles can also be used. 
Instead of spray nozzles 24, the fibre mat can be provided with a binding mate- 
5 rial through tubes or by pouring by means of one or more grooves. Feed appa- 
ratuses for feeding and collecting the laminates 12, 17 may vary in detail, for 
instance, so that a different number of cylinders 13 to 16, 18 to 21 is used. The 
feed apparatuses need not be arranged to feed the laminate 12, 17 on a con- 
tinuous track, although this is to be recommended. Consequently, the lami- 
1 0 nates can alternatively be collected. 
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CLAIMS 

1 . A method for making a plate-like fibre-reinforced composite prod- 
uct to be used as building or packing material, the method comprising 

placing fibres on a lower laminate, 
5 applying a foaming hardening binding agent in liquid form on the fi- 

bres so that the fibres are surrounded by the binding agent, 

transferring the fibres with binding agent between the lower laminate 
and an upper laminate between lower and upper pressing plates arranged to 
rotate endlessly on the upper, respectively the lower, side of the fibres with the 
10 binding agent so that the fibres with the binding agent are transferred by 
means of the rotation speed of the pressing plates, and 

allowing the binding agent to foam up, expand and harden between 
the upper and lower pressing plates, characterized by the steps of 

preparing the fibres into a three-dimensional cohesive fibre mat of 
15 fibres bound together, the thickness of which basically ranges between 0.5 and 
0.8 mm and the width between 0.3 and 2 mm, and the length of at least 80% of 
the fibres is at least 100 mm, before the binding agent is applied onto the fibre 
mat, 

providing the fibre mat with a moisture content of 5% at the most be- 
20 fore the binding agent is applied onto the fibre mat, 

applying the binding agent onto the fibre mat so that a mixture of fi- 
bre mat and binding agent is obtained, the mixture comprising fibres close to 
the upper surface thereof, which is turned against the upper pressing plates, 
and close to the lower surface thereof, which is turned against the lower press- 
25 ing plates, 

placing the mixture under a pressure of at least 0.8 bar and 5 bar at 
the most and allowing the mixture to harden into a plate-like product having a 
thickness of 10 to 150 mm and comprising fibres close to the upper surface 
thereof and close to the lower surface thereof when transferring the mixture 
30 between the pressing plates, and 

removing the lower and upper laminate from the hardening product 
comprising fibres and binding agent. 

2. A method as claimed in claim ^characterized in that the 
thickness of the fibre mat before applying the binding agent thereto is approxi- 

35 mately 1 .5 to 3 times the thickness of the final product. 
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3. A method as claimed in claim 1, characterized in that the 
fibre mat is made of hygroscopic fibres. 

4. A method as claimed in claim 1,2 or 3, characterized in 
that the foaming binding agent is applied onto a fibre mat having a moisture 

5 content of 3% at the most. 

5. A method as claimed in claim ^characterized in that the 
mixture of fibres and binding agent is subjected to a pressure of 1 to 2 bar at 
the most. 

6. A method as claimed in claim 1, characterized in that a 
10 material with a good adhesiveness is used as binding agent. 

7. A method as claimed in claim 4, 5 or 6, characterized in 
that polyurethane is used as binding agent. 

8. A method as claimed in claim 6, characterized in that a 
phenol-based material is used as binging agent. 

15 9. A method as claimed in claim 1 or 7, characterized in that 

the fibres comprise wood fibres. 

10. A method as claimed in claim 7, characterized in that 
the fibre mat including the polyurethane is transferred between the pressing 
plates at a temperature ranging between 30 and 90 degrees Celsius. 

20 1 1 . A method as claimed in claim 11, characterized in that 

the binding agent is applied onto the fibre mat by means of spray nozzles. 

12. An apparatus for making a plate-like fibre-reinforced composite 
product to be used as building or packing material, the apparatus comprising 
an inlet end (10) for receiving fibres surrounded by binding agent, 

25 an outlet end (11) for providing the plate-like fibre-reinforced com- 

posite product manufactured in the apparatus, 

an upper endlessly rotating belt (1) comprising a plurality of upper 
pressing plates (3), which controlled by at least two elongated control elements 
(32) extending in the longitudinal direction of the apparatus are arranged to 

30 move on an upper endless track, and a lower endlessly rotating belt (2) com- 
prising a plurality of lower pressing plates (4), which controlled by at least two 
elongated control elements (32) extending in the longitudinal direction of the 
apparatus are arranged to move on a lower endless track, whereby the upper 
pressing plates within an area of the upper endless track are arranged on a 

35 first substantially flat plane and the lower pressing plates within an area of the 
lower endless track are arranged on a second substantially flat plane, which is 
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parallel to the first flat plane, whereby the upper and lower pressing plates 
within the area are arranged to transfer the fibres surrounded by the binding 
agent between them, 

feed means (13 to 16, 18 to 21) for feeding an upper laminate (12) 
5 and a lower laminate (17) in said area, the upper laminate (12) is arranged to 
be supported in said area against the upper pressing plates (3) and to move at 
the same speed as the upper pressing plates, and the lower laminate (17) is 
arranged to be supported in said area against the lower pressing plates (4) and 
to move at the same speed as the lower pressing plates, 
10 collecting means (13 to 16, 18 to 21) for collecting the upper and 

lower laminate (16, 17) from the plate-like composite product manufactured in 
the apparatus, 

application means (24) at the inlet end (10) for applying fibres in- 
cluding binding agent in liquid form onto the lower laminate (17), charac- 

15 terized by the apparatus comprising pressing means (9) for creating a 
pressure of at least 0.8 bar towards the pressing plates (3, 4), and heating 
means (30, 31) for heating the mixture of fibres and binding agent and by the 
upper pressing plates (3) of the apparatus being arranged at a distance of 10 
to 150 mm from the lower pressing plates (4). 

20 1 3. An apparatus as claimed in claim 12, characterized in 

that the pressing plates (3, 4) comprise a flat surface turned against the lami- 
nates (16, 17) and gripping parts (38) to co-operate with endless drive ele- 
ments (35) belonging to the feed means that are arranged to be controlled by 
the control elements (32). 

25 14. An apparatus as claimed in claim 12, characterized in 

that the upper and lower laminate (17) is made of polyethylene foil. 

15. An apparatus as claimed in claim 12, characterized in 
that the length of said area is 5 to 30 m and the width is 1 to 5 m. 

16. An apparatus as claimed in claim 12, characterized in 
30 that the application means comprise at least a spray nozzle (24) arranged to 

sweep back and forth in the transverse direction in relation to the longitudinal 
direction of the apparatus. 

17. An apparatus as claimed in claim 12, characterized in 
that the heating means (30, 31) comprise heating means arranged to heat the 

35 upper and lower pressing plates (3, 4) to a temperature ranging between 30 
and 100 degrees Celsius. 
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18. A plate-like fibre-reinforced composite product comprising fibres 
surrounded by a binding agent to be used as building or packing material, 
characterized in that the thickness of the plate-like product is 1 0 to 1 50 
mm, the form of the fibres resemble a three-dimensional cohesive mat, in 

5 which the fibres are surrounded by binding agent, that the thickness of the fi- 
bres mainly ranges between 0.5 and 0.8 mm and the width between 0.3 and 2 
mm, and the length of at least 80% of the fibres is at least 100 mm, that the 
composite product comprises fibres close to the upper and lower surface, and 
in that the weight ratio between fibres and binding agent ranges between 0.1 
10 and 4. 

19. A plate-like fibre-reinforced composite product as claimed in 
claim 18, characterized in that the weight ratio between fibres and 
binding agent ranges between 0.8 and 2. 

20. A plate-like fibre-reinforced composite product as claimed in 
15 claim 18 or 19, characterized in that the binding agent is polyurethane. 

21. A plate-like fibre-reinforced composite product as claimed in 
claim 18, characterized in that the product is not covered. 
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